Abstract Obesity is a chronic disease in which adipose tissue accumulates in such a way that it affects the health of the patient and is associated with a myriad of alterations such as systemic hypertension (HTN). The mechanisms by which obesity causes HTN are complex and involve several organic mechanisms. The objective of this study was to determine the correlation between obesity to HTN in dogs in accordance with recent international protocols (systolic blood pressure >160 mmHg) relating to age, genre, gonadal status, breed and other diseases commonly associated with HTN. A total of 244 dogs were studied, 105 non-obese controls and 139 in the obese group. For both groups, healthy and a variety of diseased dogs were observed; the correlations between pathologies and obesity were studied, paying special attention to diseases whose pathophysiologies could lead to HTN. We conclude that obesity is not a risk factor for dogs to develop HTN, and that HTN present in these patients was related to comorbidities such as chronic kidney disease, cardiopathies and endocrinopathies.
Introduction
Obesity is a disease in which adipose tissue accumulates in such a way that it affects the health of the patient (German 2006) . A dog with an ideal constitution (body condition score) should have a fat composition roughly 15-20 % of its total weight. Overweight or obese patients are those that present in excess of 20 and 40 % body fat, respectively (Armstrong and Lusby 2011) . In dogs, obesity can have a nutritional anomaly as its main cause (Heuberg and Wakshlag 2011) , besides being the consequence of different metabolic illnesses (Diez and Ngueyen 2006) . Obesity is associated with a myriad of alterations such as neoplasms (Antic et al. 2003) osteoarthritis, urinary stones, chronic kidney disease (CKD), cardiomyopathies, reproductive diseases, dermatologic disease and even systemic hypertension (Diez and Ngueyen 2006; German 2006; Mori et al. 2011 ).
Blood pressure (BP) is the force the blood exerts against any area of the arterial wall and is generally measured in mmHg; clinically and according with the actual medical protocols (Struble et al. 1998; Brown et al. 2007; Parker and Freeman 2011) systemic hypertension (HTN) is defined as a persistent and abnormal rise in systolic blood pressure (SBP) above 160 mmHg. This systemic hypertension is manifested in two ways: primary (essential) and secondary, the latter of which is the most common in dogs and cats, related to a responsible comorbidity such as kidney disease, endocrine anomalies, cardiomyopathies, etc. (Meurs et al. 2000; Brown et al. 2007; Mehlman et al. 2013) . HTN may lead to lesions in different organs such as the kidney, eyes, brain and heart (Reusch et al. 2010) , aggravating morbidity and mortality.
There exists no clearly defined classification of HTN for dogs and cats; a categorization was established through an American College of Veterinary Internal Medicine (ACVIM) consensus in order to determine the degree of HTN in dogs, defining it as systolic blood pressure (SBP) ≥160 mmHg and diastolic blood pressure (DBP) ≤100 mmHg; all this with the objective of identifying patients with HTN and establishing the potential for lesion target organs such as kidney, eye, brain, heart and vessels (Brown et al. 2007) .
In humans, it is considered that 60 % of obese people present a certain degree of HTN (Sánchez et al. 2004 ). These days the term obesity-hypertension is used to define the pathophysiologic process, which relates these two diseases and which has been widely described in people (Hall 2000) ; animal subjects have been used (Rocchini et al. 1989; Truett et al. 1998 ), but SH has been poorly studied as a natural disease in veterinary medicine (Joles 1998) .
The mechanisms by which obesity causes HTN are complex and involve several organic mechanisms such as: activation of the renin-angiontensin-aldosterone system (RAAS), an increase in the activity of the sympathetic nervous system (SNS), which have been described in experimental studies with dogs (Joles 1998) .
Proposed pathophysiologic mechanisms
A) Renin-angiotensin-aldosterone system
In obese people there are increases in plasmatic renin levels, angiotensinogen, angiotensin-converting enzyme, angiotensin II and aldosterone (Kurululasuriya et al. 2011; Rahmouni et al. 2005; Joles 1998) .
The mechanisms by which the secretion of renin and angiotensin II increases are: an increase in the reabsorption of sodium in the Loop of Henle, a decrease in sodium to the macula densa and activation of the renal sympathetic nerves. The increased formation of angiotensiogens by adipose tissue causes an increase in angiontensin II. Therefore, the activation of the RAAS system favours HTN in human subjects (Joles 1998; Hall 2000; Kotsis et al. 2010) .
B) Sympathetic nervous system
Excess weight is associated with higher sympathetic activity. At the renal level an increase in the renal retention of sodium contributes to HTN caused by obesity in humans. Hyperleptinemia has been mentioned, considering that there are neurochemical interactions in the hypothalamus which have not been altogether clarified (Joles 1998; Kurululasuriya et al. 2011 ).
C) Resistance to insulin
Serum insulin levels are higher in obese patients, due to the fact that obesity causes the release of free fatty acids towards the portal vein and triglyceride metabolism and, as a consequence, the drawing in of insulin by the muscular tissue is inhibited (Hall 2000; López de Fez et al. 2004 ). In addition, insulin increases the levels of norepinephrine, as a result of which the cardiac frequency is increased as well as the peripheral vascular resistance (Hall 2000; López de Fez et al. 2004) . D) Structural and functional changes in the kidney related to obesity Such changes happen due to factors that affect the kidney structure. Adipose tissue and its accumulation around the organs brings about a compression of the renal parenchyma, modifying its shape and generating a vascular and tubular alteration and thus activating the RAAS and therefore increasing the reabsorption of sodium (Hall 2000; Kotsis et al. 2010) . Another proven mechanism occurs as a consequence of a high caloric intake. In the majority of the obese patients there is a glomerular hypertrophy, given that in obese patients there is increased blood flow towards the kidneys, producing a hyperfiltration leading to glomurosclerosis and eventually to nephron damage and RAAS activation, which progresses to HTN and kidney disease (Hall 2000; Kotsis et al. 2010 ). E) Metabolism and adipocytes Excess energy intake leads to an increase in the size of the adipocytes that modifies their functions. The production of adipose-derived hormones (leptin and adiponectin) and angiotensin increases and there is an infiltration of macrophages towards the adipocytes. This contributes to the formation of proinflammatory cytokines (Kotsis et al. 2010) . Regarding leptin, it has been observed that by administering leptin infusions to patients, increases in blood pressure, cardiac frequency and an activation of the SNS are obtained (Armstrong and Lusby 2011; Kurululasuriya et al. 2011; Rahmouni et al. 2005) . In the obese, serum levels of adiponectin are lower than in people of normal weight. This has an inverse correlation with triglycerides, diabetes mellitus type II, hypertension (Armstrong and Lusby 2011; Rahmouni et al. 2005) and endothelin, which has an intrinsic relationship with the rise in vasoconstrictor activity that causes HTN (Kurululasuriya et al. 2011 ).
F) Excess glucocorticoids
They play important roles when adapting to stress, in the regulation of metabolism and in the inflammatory response. Patients suffering from hyperadrenocorticism tend to develop insulin resistance, dyslipidaemias and HTN (Rahmouni et al. 2005 ).
Obesity-hypertension in dogs
The tight pathophysiological correlation between obesity and HTN described in human subjects has also been suggested in dogs, supported by findings in experimental studies in which, given a weight change in dogs, modification of BP as well as of some analytes such as cholesterol and triglycerides occur (Rocchini et al. 1989; Truett et al. 1998; Tvarijonaviciute et al. 2012) . Rocchini et al. (1989) carried out research in which he proved that dogs fed a diet high in calories during a 6-week period not only gained weight but also suffered an increase in their BP; this change was related to sodium retention by increasing ECF Rocchini et al. (1989) . Bodey and Michell (1996) measured BP in dogs, observing that there was no significant correlation between increased BP with obesity, in and of themselves, but that there was an increase in BP together with other factors such as gender, breed, age and related diseases. Truett et al. (1998) modified the diet to induce obesity in dogs and by doing this showing there was also an increase in BP values during the overfeeding. Montoya et al. (2006) measured BP in dogs with different physical conditions and concluded that obesity makes little contribution to increasing of BP, and yet it could still be a risk factor for suffering from HTN. Tvarijonaviciute et al. (2012) , evaluated patients with natural obesity. These subjects were given a diet and exercise with the idea of measuring alterations in BP as well as of some analytes. They concluded that despite some weight loss, 8 out of 10 patients still presented HTN. Mehlman et al. (2013) , reported a significant increase in SBP in obese dogs as opposed to thin dogs and a higher frequency of obese patients with HTN in their research model. It is obvious that the first studies mentioned (Rocchini et al. 1989; Bodey and Michell 1996; Montoya et al. 2006 ) only prove a correlation of obesity with increased BP values, but do not make reference to the current concept of SH as it relates to obesity in the way that Mehlman et al. (2013) .
Some epidemiologic studies demonstrated that obesityhypertension is a frequent relation in humans (Sánchez et al. 2004 ). However, in veterinary medicine no studies have clearly defined this correlation or its frequency in dogs with natural obesity. That is why it is interesting to study this pathologic association in dogs.
The objective of this study was to determine the correlation of obesity with the specific current concept of HTN in dogs according to clinical accepted international definitions (systolic blood pressure >160 mmHg), (Brown et al. 2007; Parker and Freeman 2011) relating it to age, gender, gonadal status, breed and other diseases commonly associated with HTN.
Materials and methods

Animals
During the period September 2011 to December 2012, dogs were received at the Hospital Veterinario para Pequeñas Especies from the Facultad de Medicina Veterinaria y Zootecnia de la Universidad Autónoma del Estado de Mexico, located in the city of Toluca-Mexico, at an altitude of 2650 m above sea level. With previous consent from the owner, the blood pressure was measured and blood and urine samples were also taken from the animal for complementary studies such as: haemogram, blood chemistry and urinary protein to creatinine ratio (UPC). Each patient's biosketch, medical record and definitive diagnosis were analysed and classified. Under no circumstances were the animals exposed to pain or stress while handling them. Data such as age, gender, and body condition, neutered or non-neutered, breed and concurrent diseases were collected, and from these results they were classified according to the risk of injuring target organs.
Dogs with a body condition score (BCS) of 3/5, 4/5 and 5/5 were included. They also had to have a precise concurrent diagnosis, and clinically healthy dogs were used as controls.
Patients showing evident signs of stress when BP was measured were not considered for this study.
Determination of body condition score Dogs were scored on a scale from 1/5 to 5/5, BCS 1/5 being a cachectic animal, BCS 2/5 thin, BCS 3/5 ideal weight, 4/5 overweight and 5/5 obese. Dogs with BCS 3/5 were considered for the control group, and 4/5 and 5/5 for the obese group.
Measurement of systemic blood pressure
The blood pressure was evaluated according to international protocols (Brown et al. 2007 ); all the patients were conscious, in a lateral recumbent position. The measurement was carried out in a relaxing place where the patient was kept for 10 min before the measurement. We used an oscillometric system monitor (Cardell Veterinary Monitor 9401BP) for this study. A cuff (suitable for the size of the patient) was placed (40 % of the diameter of the member) on the left thoracic member, radial artery. The measurement was carried out five to seven times, leaving out any valued with a variation greater than 10 % from the average systolic pressure (Brown et al. 2007 ).In HTN cases, the risk of injuring target organs was classified according to the ACVIM, considering only SBP, as Minimum risk (130-150 mmHg), Mild risk (150-159 mmHg), Moderate risk (160-179 mmHg) or Severe risk (>180 mmHg) (Brown et al. 2007 ).For the purposes of this study, only patients with SBP >160 mmHg were considered as HTN cases, in order to exclude those cases of HT due to stress from handling.
Statistical analysis
Results are presented as means±SD. Differences between BP and age in the groups were evaluated with the Mann-Whitney U test. Categorical data was analysed with Xi 2. The BP data were compared using an unpaired T test, and a logistic regression was applied to establish factor associations with hypertension and obesity. The data were analysed aided by SPSS software version 16 (SPSS Statics 16.0. SPSS Inc, 233 South Wacker Drive, 11th Floor, Chicago, IL 60606-6412, USA. http://www.spss.com).
Results
A total of 244 dogs were studied; 105 with BCS 3/5 (control group) and 139 overweight, with 102 obese with BCS 4/5 and 37 with BCS 5/5 (obese group).The dogs from the control group presented SBP values from 98 to 203 mmHg (mean 140.3 and SD 21.11), and those from the obese group ranked from 78 to 188 mmHg (mean 140.5 and SD 18.22). There were no significant differences in SBP between groups (T test; p=0.52).Dogs in the control group were aged 1 to 17 years, those in the obese group 1 to 16 years. The median age of the dogs in the control group was 8 years and in the obese group 7 years. According to the Mann-Whitney U test, there were no significant differences regarding median age (p=0.405).The relation between age and arterial pressure in the patients is shown in Table 1 . Most of the dogs were 6 years or older in both groups; however, the statistical analysis did not show age as a risk factor for HTN.In the control group no significant differences were observed in the frequency of males and females (M:F ratio 0.85:1) and in the obese group there were more females (correlation 1.61:1). However no correlation between gonadal status and HTN was observed (Table 2 ).When analysing dogs from both groups, the breeds Labrador, Poodle and Schnauzer were the most frequent. Labradors were more prone to be overweight and obese (OR 4.350), p<0.0008, than the other breeds altogether (Table 3 ).In Table 4 the frequency of patients according to lesion to target organ risk is shown (Brown 2007 ). In the control group more patients with normotension were found and with severe risk values compared to the obese group, which presented higher frequencies of minimum and moderate risk; however, statistically, a higher predisposition to present with HTN was not shown in any of the groups.In both groups, dogs with different comorbidities and health statuses were observed; the correlation between these pathologies and obesity were studied, paying special attention to diseases whose pathophysiologies could lead to HTN, such as heart, renal and endocrine diseases; these made it more evident that such diseases have a more direct correlation with obesity (OR 4.426, p<0.038), unlike the other comorbidities (Table 5 ).In Table 6 the frequency of HTN in moderate or severe risk (>160 mmHg) dogs with heart, renal or endocrine disease is shown. In the control group, patients were more likely to present HTN, while in patients diagnosed with CKD (OR 8.571, p<0.011) in the obese group there was no significant difference. 
Discussion
Despite all the pathophysiological justifications for obesityhypertension in other species, the results in this study did not show significant differences in BP values in the dogs studied presenting either overweight or obesity, in contrast to other studies, which relate an increase in BP to a larger body condition. This discrepancy in the results may be attributed to the type of design in the studies, given that the majority are experimental and the obesity is induced (Rocchini et al. 1989; Truett et al. 1998 ). Others used a group of animals with natural obesity but do not state whether the animals have other BPrelated diseases (Montoya et al. 2006; Tvarijonaviciute et al. 2012 ). In our study overweight and obesity were spontaneous and the patients may either be clinically healthy or present diverse comorbidities, as mentioned previously.It has been shown that dogs from 6 to 10 years old tend to suffer from obesity more than any other age ranking (Lund et al. 2006) , and this tendency diminishes with age greater than 10 years. With the dogs studied there was a higher frequency of obesity at 6 to 10 years of age (40 %). The possible explanations are: obese dogs have a lower survival rate than control animals (McGreevy et al. 2005) , or, as dogs grow older, there is a loss of muscular and fatty tissue related to a hypercatabolic status due to old age or to different diseases common in old dogs (heart, kidney, liver, endocrine diseases) (Robertson 2003) .Statistically, an association between age and HTN was not observed in our study, which agrees with the findings of Mishina, et al. 1997; and Meurs et al. (2000) . Notwithstanding this, other studies in dogs have shown that at older ages SBP levels are higher (Bodey and Michell 1996) . To date, an indepth study of these pathophysiological mechanisms has not been carried out in dogs (Bodey and Michell 1996; Mishina et al. 1997) .
Regarding gender and gonadal status, a more significant number of obese females were observed than obese males. In other studies, it was also observed that obesity is more frequent in females (especially those spayed) (Mao et al. 2013; Colliard et al. 2006; Lund et al. 2006 ). This phenomenon is related to the decrease in the production of estrogens and androgens because of the gonadectomy, altering metabolism. In our study a correlation between gonadal statuses and HTN was not evident. However, Bodey indicates that young males present higher SBP, relating this to the breed and the age of such dogs (Bodey and Michell 1996) .Regarding breeds, we observed that Labrador dogs presented a greater risk for obesity (OR 4.35) over other breeds, this has been attributed to a genetic predisposition (Edney and Smith 1986; Colliard et al. 2006) . There are biological and environmental factors which can interfere in the obesity of Labradors. On the biological side, we included the colour of the fur, being in order of presentation black, chocolate and golden. Another factor is the purity of the breed: the purer the dog the greater the likelihood to be obese (Bannister 2013) . Regarding environmental factors, zootechnical functions have been studied in dogs and in particular breeds, show dogs being more obese than guide dogs or working dogs (Bannister 2013; Corbee 2013) . Different studies mention a predisposition in other breeds such as Cocker Spaniel, Dachshund, Dalmatian (Lund et al. 2006) , Pomeranian, Pekingese and Golden retriever (Mao et al. 2013 ). There are coincidences in some breeds such as Cocker Spaniel and Golden retriever, considering that the prevalence in the breed varies according to geographic areas. Few studies have been made of BP values in different breeds of dog Bodey and Michell (1996) ); it has been suggested that sight hounds have a higher SBP (133 mmHg) and Labradors had a lower SBP compared to other breeds (122 mmHg). In this study a direct association between the breed and HTN was not observed. Based on the likelihood of lesions in target organs (brain, eyes, heart and liver) (Brown et al. 2007 ), observed more patients with normotension in control dogs, but they also had a severe risk of affecting organs. This is due to the fact that dogs with normotension (36/105) were clinically healthy and dogs with severe risk (7/105) were classified as proteinuric, CKD or with cardiopathies, which can be related to a decrease in the BCS due to the disease. In obese dogs, a larger frequency of dogs with a minimum risk injuring target organs was observed (72/139), followed by slight risk (16/ 139) associating this to stress and to the so called white coat syndrome (Brown et al. 2007 ). The moderate risk (15/139), which was attributed to comorbidities present in these dogs, along to possible changes in the myocardic morphology (secondary to obesity) and alterations related to the metabolic syndrome such as insulin resistance and dyslipidaemia (Mehlman et al. 2013; Neto et al. 2010) , these findings have to be considered in any further study.When analysing the different diseases usually linked to HTN in the control dogs, there was a higher frequency of heart and renal diseases. This could be because in these diseases there are catabolic processes that cause a loss of BCS in patients (Parker and Freeman 2011) , and in obese dogs there were more with e n d o c r i n o p a t h i e s ( h y p o t h y r o i d i s m , d i a b e t e s , hyperadrenocorticism), pathologies that can cause obesity by altering the metabolism (Lund et al. 2006) .The keeping of records of SBP in obese dogs has been studied; it has been proven that obese dogs present a higher SBP than thin dogs and that obese dogs after losing weight also have a lower BP (Rocchini et al. 1989; Truett et al. 1998; Tvarijonaviciute et al. 2012; Mehlman et al. 2013 ). However, BP in these dogs together with other diseases has been only poorly studied. Mehlman et al. (2013) found out that dogs with heart disease are more prone to present minimum (130-150 mmHg) or moderate (160-170 mmHg) risk regarding target organ damage.By analysing the patients from both groups, it was observed that there were no direct correlations regarding HTN and obesity, given that HTN was more frequent in animals in control group, where more patients with CKD were found. It has been widely studied that CKD is the most common cause of HTN (Mishina et al. 1997) ; such a phenomenon was not present in group II dogs.In humans, this correlation in the obesity-hypertension process has been proven to be justified by the physiological alterations previously described (Hall 2000) . In dogs, it has been suggested that this association presents itself in the same way, but this was not shown in our study.We can conclude that obesity is not a risk factor for a dog to present HTN, and that HTN present in these patients is related to a comorbidity such as CKD, cardiopathies or certain endocrinopathies with their own pathophysiological mechanisms that can lead to HTN in overweight or obese dogs.
